Background
Levosimendan is a pharmacological agent that exerts positive inotropic effect by binding to cardiac troponin C in a calcium-dependent manner and sensitizing myofilaments to calcium without increasing myocardial oxygen consumption [1] [2] [3] . Levosimendan also has vasodilatory properties through its facilitation of an adenosine-triphosphate-dependent potassium channel opening [4] and anti-ischemic effects [5] . In clinical studies the infusion of levosimendan increased cardiac output, reducing cardiac filling pressures, and was correlated to an improvement of cardiac symptoms and prognosis (death and hospitalization for congestive heart failure [CHF]) [6, 7] . Previous experiences [7] [8] [9] suggest that a single 24-hour levosimendan infusion in patients suffering severe CHF due to left ventricular dysfunction induces beneficial hemodynamic effects, relief of symptoms and reduction in short-term morbidity and mortality compared with placebo or dobutamine. However, the largest randomized trail (SURVIVE) [10] showed an initial reduction in B-type natriuretic peptide (BNP) in the levosimendan vs. the dobutamine group, but failed to demonstrate a significant reduction of all-cause mortality or secondary clinical outcomes. Nevertheless, different single-centre observations regarding the intermittent infusion of levosimendan in severe CHF have reported an improvement of left ventricular performance, relief of symptoms and prolonged short-term survival without an increase in incidence of cardiac arrhythmias [11] [12] [13] [14] .
The objective of this study was to analyse the feasibility and efficacy of levosimendan infusion in end-stage CHF patients admitted for repetitive acute decompensation (ADHF) episodes with evidence of clinical hyperhydration, comparing these patients with a control group treated traditionally with an infusion of furosemide in order to reduce the fluid overload. The effects of the 2 different strategies on plasma BNP, echocardiographic parameters and functional variables [NYHA class, 6-min walking test (6MWT) and non-invasive cardiac output (CO)] were analysed.
Material and Methods

Patients
This single-centre prospective study, approved by the local ethics committee, included end-stage (stage D AHA/ACC) patients >18 years old, admitted into the Heart Failure Unit from October 2008 to February 2010 with the diagnosis of ADHF (NYHA functional class III to IV). Patients were included when presenting at admission all the following criteria: symptoms of CHF according to the accepted criteria in the literature [15, 16] , refractory to the usual pharmacological treatments; NYHA class III or IV due to a deterioration of symptoms (at least 1 class) despite optimum oral therapy; echocardiographic evidence of systolic and/or diastolic dysfunction (see below); a cardiac index (CI) ≤2.5 L/min/m 2 ; and clinical fluid overload (≥2 findings of congestion as elevated jugular venous pressure, pulmonary rales, hepatomegaly, orthopnea, paroxysmal nocturnal dyspnoea, abdominal bloating). The exclusion criteria were: childbearing potential; CHF related to restrictive or hypertrophic cardiomyopathy or to uncorrected stenotic valvular disease; concomitant unstable angina or myocardial infarction; systolic blood pressure below 85 mmHg; severe renal failure (clearance creatinine <30 ml/min); administration of inotropes in the last week; and absence of a written consent that authorized the levosimendan infusion. The protocol of levosimendan infusion did not provide a loading dose, being administered intravenously at the dosage of 0.1 µg/kg/min for 24-36 hours in order to complete the dosage of 12.5 mg. The reduction of systolic blood pressure <80 mmHg, tachycardia with heart rate >140/min, and symptomatic hypotension were considered criteria for reducing dosage of levosimendan or suspending it for 30-60 min until the dose-limiting event had resolved. In the control group, an infusion of 100-160 mg per day of furosemide for 48 hours was administered. The dose of concomitant medications was held constant unless urgent modifications were required by the clinical status in both groups. The therapy prescribed in those patients included angiotensin-converting enzyme inhibitors (enalapril, ramipril), angiotensin receptor blockade (candesartan, losartan) in case of enalapril/ramipril intolerance, beta-blockers (metoprolol, bisoprolol or carvedilol), digoxin, loop diuretic and spironolactone at low dose. For beta-blockers, angiotensin-converting enzyme inhibitors and angiotensin receptor blockade, the patients' maximum tolerated dose was used, after an adequate titration period. Before the infusion of levosimendan/furosemide, after ending (within 6 hours) and at 1-week follow-up all the parameters scheduled were measured. In the levosimendan group, a measurement of non-invasive CO during the infusion (between 12 and 24 hours) was obtained. The evaluation of healthrelated quality of life was obtained at 1-week follow-up using the Minnesota Living with Heart Failure Questionnaire (MLHFQ) in all patients [17] .
The objective of this prospective study was to evaluate the immediate and short-term effects of a levosimendan infusion (without a loading dose) on plasma BNP, non-invasive CO, echocardiographic parameters, renal function and quality of life in ADHF episodes in end-stage CHF patients, comparing this treatment with a furosemide infusion.
Doppler echocardiography
Echocardiograms were performed with a Vivid 7 computed sonography system (GE Medical Systems, Waukesha, Wisconsin, USA) according to the recommendations of the American Society of Echocardiography [18] . Twodimensional apical 2-and 4-chamber views were used for volume measurements; LVEF was calculated with a modified Simpson's method using biplane apical (2-and 4-chamber) views. The LV end-diastolic volume and the LV endsystolic volume were recorded. All echo examinations were performed by expert operators blinded to the results of BNP assay; the intra-observer variability in the evaluation of LVEF was found to be <5%. Echocardiographic measurements including LV end-diastolic diameter, and the diastolic thickness of the ventricular septum and the posterior LV wall were determined according to the American Society of Echocardiography recommendations [18] . Systolic dysfunction was defined as a level of LVEF <50%. The definition of restrictive filling pattern was a predefined modification of classifications used in prior studies (19) : E/A ≥2, DT ≤150 msec, S/D ratio <1, and AR >35 cm/sec. All these criteria were verified to define the restrictive filling pattern. The Doppler sample was set 1-2 mm under the free edges of the mitral valve using the apical 4-chamber projection; an average of 5 beats was considered. In patients suffering from atrial fibrillation at the time of the echocardiogram, the diastolic function was classified as: 1) restrictive pattern (DT ≤150 msec), or 2) indeterminate (DT >150 msec). The pulmonary artery pressure (PAP) was obtained by determining the peak velocity of the tricuspid regurgitation jet, adding 5 or 10 mmHg as right atrial pressure according to right atrial size, severity of regurgitation and appearance of the inferior vena cava. From Doppler tissue imaging of the annulus, the E' wave (early annular velocity opposites in direction to the mitral inflow) was determined and the ratio E/E' calculated [20] . The right ventricle function was investigated using the M-mode echocardiography obtaining the tricuspid annular plane systolic excursion (TAPSE) [21] .
Biochemical assays
All blood samples were collected by venipuncture and immediately analysed with the bedside Triage B type natriuretic fluorescence immunoassay (Biosite Diagnostics, La Jolla, CA, USA). The Triage Meter is used to measure BNP concentration by detecting a fluorescent emission that reproduces the amount of BNP in the blood. After the addition of 250 µl of whole blood to the disposable device, cells were filtered and separated from the plasma with BNP, which entered a reaction chamber containing fluorescent BNP antibodies. After 2-min incubation, the BNP-antibody mixture migrated to an area containing immobilised antibodies and remained fixed. The unbound fluorescent antibodies were washed away by the excess sample fluid. The Triage Meter then measured the fluorescent intensity of the BNP assay area. The assay results were complete in 15 minutes. The creatinine clearance was calculated using the MDRD formula.
Non-invasive cardiac output
For the measurement of non-invasive cardiac output (CO), an inert gas rebreathing method (Innocor, Innovison A/S, Odense, Denmark) was used. The system utilised a N 2 O (blood soluble gas) and SF6 (blood insoluble gas) enriched with O 2 of 0.5% and 0.1%, respectively. Tidal volume was progressively increased in the closed circuit to match the physiologic increase. Use the SF6 allowed measuring the volume of lungs, valve and rebreathing bag. N 2 O concentration decreases during the rebreathing manoeuvre, with a rate proportional to pulmonary blood flow. Three to 4 respiratory cycles were needed to obtain N 2 O washout. Absence of pulmonary shunt was defined as arterial O 2 saturation >98% (blood sample obtained from the arterial line). In the absence of a pulmonary shunt, pulmonary blood flow=CO. This method has been proven to be closely correlated with thermodilution (R=0.93) and the direct Fick method (R=0.94) [22] .
Statistical analysis
Continuous variables were expressed as mean ±standard deviation (SD). Inter-group differences in continuous variables were evaluated using 2-tailed t test for unpaired data; differences between baseline and follow-up were evaluated by 2-tailed t test for paired data. Differences in non-continuous variables were evaluated using non-parametric tests as needed (Wilcoxon, Mann-Whitney). Distribution of categorical variables between groups was evaluated by chi-square with Yates correction. Statistical significance was set at p≤0.05. Analyses were performed using SPSS software for Windows, release 7.5, SPSS Inc., Chicago, USA.
results
Seven patients (6 males; age 66.3±4.4) were admitted 20 times (range 1-6) for ADHF during the study (which lasted 16 months) and treated with a levosimendan infusion; 7 patients (5 males; age 69.1±3.9) did not agree to the levosimendan infusion and were admitted 15 times (range 1-4) for ADHF being treated with furosemide (control group). All subjects signed an informed consent. All subjects of the levosimendan group and 6 (85.7%) in the furosemide group had an implantable cardiac defibrillator with a pacemaker for cardiac resynchronization therapy. All patients of the 2 groups could not be included into a cardiac transplant protocol due to age, comorbidity (severe asthma) or recent history of malignant neoplasm. Two patients were evaluated for the implantation of a ventricular assistant device as a destination therapy and then excluded for severe right ventricular dysfunction. The etiology of the CHF was ischemic in 6/7 patients in the levosimendan group and in 3/7 in the furosemide group. Table 1 summarizes the comparison between the main parameters at baseline in the 2 groups. The effects caused by the levosimendan or furosemide infusion on renal function, blood pressure, echocardiographic parameters, functional status and cardiac output are described in Tables 2 and 3 , respectively. In patients treated with levosimendan, a supplementary measurement of CO, cardiac index (CI) and stroke volume (SV) during the infusion (>12 hour) was provided. CO improved from 3.6±0.9 l/min to 4.5±0.7 l/min during infusion (p=0.001), reducing at the end of infusion and at 1-week follow-up At 12-lead electrocardiogram, 2 (28.6%) subjects in the levosimendan group and 4 (57.2%) in furosemide the group were in permanent atrial fibrillation.
The study lasted 16 months; during this period appropriate AICD shocks of ventricular tachycardia or ventricular fibrillation after the levosimendan infusion were registered in 2 patients (28.6%) (1 patient died a non-cardiac death for sepsis after admission in Intensive Care Unit). Two patients (28.6%) in the control group died of cardiac death due to worsening of CHF and multi-organ failure, and in 1 subject an appropriate AICD shock was registered.
discussion
This non-randomized single-centre study analysed the feasibility and effects of levosimendan infusion in end-stage CHF admitted for repetitive ADHF. The severity of clinical status of this population was underlined by the unfavourable prognosis (mortality rate 21.4% in 16 months) and the high rate of readmission/year. Treating end-stage CHF patients, new therapeutic approaches should be proven in terms of safety, efficacy in improving functional status, quality of life, and reduction of hospital readmission. Long-term administration of dobutamine or PDE inhibitors failed to demonstrate significant clinical benefits and the meta-analysis of Rapezzi et al. [23] , based on 21 randomized trials, proved that the continuous administration of b-adrenergic agonists or PDE inhibitors increased mortality. The repetitive administration of levosimendan in advanced CHF patients has been reported to improve symptoms and left ventricular systolic function [14] , reduce NT-proBNP and immune activation (Interleukin-6 and C-reactive protein) [13] , and increase 45-day survival compared to dobutamine [12] .
In our experience the levosimendan infusion during an ADHF improved the NYHA class and the 6MWT, maintaining these effects at 1-week follow-up. In the furosemide group, an amelioration of NYHA class but not of 6MWT was observed. Moreover, CHF patients treated with levosimendan showed a better quality of life at MLHFQ at 1-week follow-up (p=0.05). The MLHFQ has been recently evaluated as being the most correlated with NYHA class, 6MWT and functional status in CHF patients [24] , exploring both the physical domain and emotional/psychological aspects of quality of life.
Plasma BNP was significantly reduced at the end of the levosimendan infusion (p=0.03), but returned to baseline after 1 week (p=0.08), while the reduction of volume overload with furosemide significantly decreased the BNP immediately and at follow-up (p=0.01). Farmakis et al. [25] found BNP was reduced only in CHF patients treated with levosimendan compared with furosemide, and that an obtained reduction of neurohormon >58% predicted a better 6-month prognosis. In contrast to that report [25] , our echocardiographic results did not point out significant differences in LVEF, left ventricular volumes, diastolic function, pulmonary pressure and right ventricular performance (TAPSE) at 1-week follow-up after the levosimendan administration.
Our experience confirmed the robust results obtained by Nieminen et al. [6] Table 1 . Comparison between main parameters at baseline in the levosimendan group (7 patients/20 treatments) and control group (7 patients/15 treatments).
GFR -glomerular filtration rate; 6MWT -six-minute walking test; BNP -B-type brain natriuretic peptide; LVEF -left ventricular ejection fraction; PAP -pulmonary artery pressure; NYHA -New York Heart Association; CO -cardiac output; CI -cardiac index.
0.1 µg/kg/min using a Swan-Ganz catheter. Furthermore, Lilleberg et al. [26] demonstrated in 11 CHF patients that the positive inotropic effect reached the maximal effect in reducing pulmonary wedge pressure after 6 hours and increasing CO after 24 hours of levosimendan infusion. Nevertheless, these positive effects, estimated to last more than 1 week, were obtained with echocardiographic measurements. Using a validated non-invasive method, we documented in our patients treated with levosimendan an improvement in CO and SV during the infusion, losing this effect after the end of infusion and at 1-week follow-up. These results generate 2 main considerations: a) the long half-life of the active levosimendan metabolite (OR-1896) (80-90 hours) [27] , that should have sustained the hemodynamic effect of the drug and might have justified the intermittent/repetitive levosimendan administration, needs to be investigated extensively; and b) if the functional capacity of our patients improved at short-term follow-up irrespective of cardiac function, an effect on skeletal muscles might be involved. In fact, the intermittent infusion of inotropic drugs partially reversed the impairment of peripheral muscle circulation in 30 end-stage CHF patients [28] , and levosimendan, as a calcium-sensitizer, is considered an emerging class of agents to enhance the quality of life of patients suffering from skeletal muscle disorders [29] .
Finally, the clinical improvement of CHF patients treated with levosimendan was obtained without an impairment of renal function (Tables 2, 3 ), in contrast to the results of the furosemide group. Serum creatinine and urea nitrogen were strong and independent prognostic parameters in CHF patients [30, 31] . In the LIDO trial [8] , the levosimendan infusion improved renal function over 24 hours (mean change in creatinine concentration -0.10 mg/dl), while dobutamine did not (p=0.03). In the experience of Zemljic et al. [32] , based on 20 CHF patients awaiting cardiac transplantation, a single levosimendan administration determined a significant improvement of plasma creatinine and creatinine clearance (p=0.005) at 3-month follow-up. The renoprotective effect of the drug might be related to an increase of renal medullar blood flow in spite of a reduction of the cortical flow [33] , or to a change of inflammatory status (reduction Table 2 . Comparison between main parameters at baseline, at the end of treatment and at 1-week follow-up in the levosimendan group (7 patients/20 treatments).
GFR -glomerular filtration rate; 6MWT -six-minute walking test; BNP -B-type brain natriuretic peptide; SBP -systolic blood pressure; DBP -diastolic blood pressure; LVEF -left ventricular ejection fraction; LVEDV -left ventricular end-diastolic volume; LVESV -left ventricular endsystolic volume; DT -deceleration time; TAPSE -tricuspid annular plane systolic excursion; PAP -pulmonary artery pressure; NYHA -New York Heart Association; CO -cardiac output; CI -cardiac index; * p<0.05 ** p<0.01.
of interleukin-6) [13] , such that this favourable effect may be considered as a resource for anti-inflammatory therapy. In the control group, an increase of plasma creatinine was observed, not at the end of treatment, but at 1-week follow-up (p<0.01) -that could be explained by the tendency of reduced fluid overload to create a risk of subclinical dehydration.
conclusions
Treating ADHF in end-stage CHF patients with clinical hyperhydration using levosimendan improved BNP and LVEF, but this effect disappeared after 1 week. The amelioration of 6MWT and NYHA class lasted longer after levosimendan infusion, without causing an impairment of renal function.
Patients treated with levosimendan in comparison with furosemide infusion manifested a better quality of life.
Limitations of the study
The major limitation of this study is the absence of randomization. Moreover, the small numbers of patients involved did not permit any analysis of mortality or arrhythmic risk correlated to levosimendan infusion -these questions need to be addressed by a larger, randomized trial. Nevertheless, our limited experience suggests caution using an infusion pump for levosimendan infusion in out-patients with chronic, refractory CHF [34] , eventually limiting such therapy in subjects protected by an AICD. In fact, in our experience a Table 3 . Comparison between main parameters at baseline, at the end of treatment and at 1-week follow-up in the control group (7 patients/15 treatments).
GFR -glomerular filtration rate; 6MWT -six-minute walking test; BNP -B-type brain natriuretic peptide; SBP -systolic blood pressure; DBPdiastolic blood pressure; LVEF -left ventricular ejection fraction; LVEDV -left ventricular end-diastolic volume; LVESV -left ventricular end-systolic volume; DT -deceleration time; TAPSE -tricuspid annular plane systolic excursion; PAP -pulmonary artery pressure; NYHA -New York Heart Association; CO -cardiac output; CI -cardiac index; * p<0.05 ** p<0.01. ventricular arrhythmic disorder occurred in 10% of levosimendan treatment, while in the LIDO trial it was recorded in only 4% of patients treated [8] .
